Objective: We aimed to determine factors associated with recent infarct (RI) in patients with newly identified atherosclerotic cervical internal carotid artery occlusion (CICAO). Methods: This was a retrospective review of consecutive patients who underwent cervical CT angiography from 2002 to 2006 at a single tertiary center. RI was defined by positive diffusion-weighted imaging/apparent diffusion coefficient magnetic resonance imaging (MRI) in the correspondent CICAO territory. Subjects were dichotomized into those with a RI versus patients with no RI (No-RI). Results: Of 2,459 patients with cervical CT angiograms in the study period, 108 (4.4%) had complete medical records and brain MRI and were included. The mean age was 64 ± 13 years, 58% were men, and 62 (57%) had a RI. The demographics of the RI and No-RI patients were comparable, with the exception that those with RI had a lower frequency of coronary artery disease (CAD, 13 vs. 54%; p < 0.01) and dyslipidemia (38 vs. 69%; p < 0.01). The use of antiplatelets was not statistically different between the groups (56 vs. 71%; p = 0.1). Subjects with RI were less likely on statins (21 vs. 56%; p < 0.01) and antihypertensives (9 vs. 71%; p < 0.01). Multivariate regression revealed that CAD, the use of statins, and the use of antihypertensives were associated with No-RI CICAO presentation. Conclusion: The use of statins and antihypertensives is associated with a decreased risk of RI atherosclerotic CICAO.
Introduction
Cervical internal carotid artery occlusion (CICAO) is an important cause of ischemic stroke [1] . The risk of ipsilateral recurrent stroke in the territory of CICAO has been reported to be as high as 5.9% per year [2] [3] [4] . Advancing age, underlying hyperlipidemia, and hypertension have been associated with higher rates of recurrent ischemia [2, 5] , while the use of statins and antihypertensive medications has been associated with reduced stroke risks [6, 7] . However, the factors predisposing atherosclerotic CICAO patients to an initial infarct have not been well studied. We aimed to determine factors associated with recent infarct (RI) in patients with newly identified atherosclerotic CICAO.
Materials and Methods

Inclusion and Exclusion
We performed a retrospective review of consecutive patients who presented to the Albany Medical Center, Albany, N.Y., USA, with a new diagnosis of CICAO by CT angiogram (CTA) from January 2002 to November 2006. Patients with atherosclerotic extracranial CICAO were identified from a neuroradiology database that included all patients who underwent a cervical CTA. CICAO had to be at the level of the bulb; mid-cervical or petrocervical occlusions were excluded. The sample included both inpatient and outpatient CTA studies. The indications for testing included the evaluation of a transient ischemic attack, stroke, mental status changes, preoperative evaluation, suspected aneurysms, or arterial dissections. Patients with magnetic resonance imaging (MRI) of the brain performed within 4 weeks of the presentation were included. MRI was reviewed to delineate the location and lateralization of RI, if present. The sample was dichotomized into patients with RI versus those without RI (No-RI). RI was defined by an MRI with a hyperintense lesion in diffusion-weighted imaging and a compatible apparent diffusion coefficient hyperintense signal in the correspondent CICAO territory compared to the corresponding contralateral area [8] and could be symptomatic or silent [9] . Since studies of the cerebral circulation were not systematically available, the CICAO territory was defined as the areas vascularized by the middle and/or anterior cerebral arteries. The degree of stenosis as per CTA was estimated by the NASCET criteria [10] . In patients with bilateral CICAO, the CICAO with recent stroke was used as the dependent side. The study was approved by the local Committee on Research Involving Human Subjects.
Baseline presenting symptoms, demographics, initial National Institutes of Health Stroke Score, laterality of CICAO, and home medication intake at the time of CICAO diagnosis were recorded. Evaluated vascular risk factors included tobacco use, diagnosis of hypertension, hyperlipidemia, coronary artery disease [CAD; angina or prior myocardial infarction (MI)], previous transient ischemic attack or ischemic stroke (defined as events that had occurred 4 weeks prior to the CICAO diagnosis), atrial fibrillation, hypercoagulable states, and diabetes mellitus.
CTA Technique
CTAs were performed on a GE Lightspeed VCT 64 slice scanner using an intravenous contrast bolus of 100 ml Omnipaque-350. An axial noncontrast head CT was performed first at 5-mm slice thickness followed by a helical contrasted axial CTA at 0.625-mm slice thickness intervals.
Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences 20.0 (SPSS, Chicago, Ill., USA). Results are reported as the mean ± standard deviation and proportions. Between-group comparisons (RI vs. No-RI CICAO) for categorical variables were performed by the χ 2 test or Fisher's exact test, as appropriate. The Kolmogorov-Smirnov test was performed to evaluate normality. Continuous variables were compared by the independent t test or the Mann-Whitney U test, as appropriate. Multivariate logistic regression analysis with the variable selection method was performed and included variables with p < 0.1 on univariate analysis. Statistical significance was set at p < 0.05.
Results
Out of 2,459 patients who underwent cervical CT angiography, a total of 144 patients (5.8%) were diagnosed with atherosclerotic CICAO. One hundred and eight (4.4%) of the 144 patients had an available MRI and complete medical records. The overall age of the subjects was 64 ± 13 years, and over half (58%) were men.
Sixty-two subjects (57%) had RI CICAO at presentation. Thirty patients (48%) had cortical strokes, 27 (44%) had cortical and subcortical strokes, while only 5 (8%) had isolated subcortical strokes. The demographics of the RI CICAO group were comparable to those of the No-RI group, with the exception that those with RI had a lower prevalence of CAD and dyslipidemia ( table 1 ) on univariate analysis. The use of antiplatelet therapy was not different between the two groups. Individuals with RI were less likely on statin and antihypertensive therapy ( table 1 ) . Only 28 patients were concomitantly on statin and antihypertensive therapy (6% in the RI vs. 52% in the No-RI group; p < 0.01). Five percent of the patients with RI also had recent contralateral or posterior circulation RI, compared to 62% of the No-RI patients (p < 0.01). Results are shown as means ± standard deviations; percentages are shown within parentheses. TIA = Transient ischemic attack.
The variables 'statin therapy' and 'antihypertensive therapy' were significantly correlated (ρ = 0.59; p < 0.001). Therefore, two multivariate models including either statin or antihypertensive therapy as part of the covariates were performed. Multivariate logistic regression analysis revealed that CAD, statin therapy, and antihypertensive therapy were inversely associated with symptomatic CICAO ( table 2 ) .
In order to evaluate whether the independent negative association of CAD with RI CICAO was due to a higher prevalence of statin therapy in the No-RI CICAO group, sensitivity analyses were performed. Multivariate logistic analysis for predictors of statin use revealed that CAD was not independently associated with statin therapy (OR 2.0, 95% CI 0.5-8.5; p = 0.30).
Discussion
Although statin use and antihypertensive therapy have been previously demonstrated to benefit patients with symptomatic CICAO for secondary stroke prevention [6, 7] , we were able to demonstrate that pretreatment with statin and antihypertensive medications in patients with CICAO is associated with asymptomatic No-RI presentation.
Overall, statin use was low (39%) in our series, likely because CICAO was newly diagnosed and because aggressive statin treatment was less common in ischemic stroke before 2006 [11] . Nevertheless, our findings indicate that statin is associated with a lower risk of symptomatic CICAO at the time of diagnosis. This class of medication has been shown to prevent recurrent stroke in nonselected ischemic stroke patients [11] . Evidence of the effect of statin specifically on primary prevention in cervical carotid occlusion is scarce [1] . Powers et al. [6] compared risk factors in two groups of patients with recent ischemic symptoms from ICA occlusion and ipsilateral increased oxygen extraction fraction and followed them up for 2 years (22 patients studied from 1992 to 1997, and 98 from 2002 to 2010); the reduced stroke risk observed in the more recent cohort was independently associated with the higher proportion of patients on lipid-lowering therapy at baseline. Our findings further support their conclusions, as we demonstrated an objective association between statin use and lower chances of CICAO presenting with RI.
The etiology of ischemic stroke in patients with CICAO may be related to hemodynamic insufficiency, impaired microembolus washout, embolism from the area distal to the occlusion, or from stump emboli entering the external carotid artery through collateral channels into the ICA territory [4] . Statins have been shown to prevent stroke in patients with ICA stenosis, possibly by stabilizing atherosclerotic plaques [12] . However, since strokes in CICAO are unlikely to be atheroembolic, the mechanism through which it may benefit patients in this context is unclear [13] . The use of statins has been linked to enhanced collateralization in patients presenting with large vessel intracranial occlusions and may explain, in part, this potential benefit in CICAO [14, 15] . Statins have been shown to reduce carotid intima-media thickness, exert antioxidant, anti-inflammatory, and antiplatelet effects, and protect the endothelial lining of blood vessels by interacting with nitric oxide synthase [16] . Moreover, it has been speculated that statins promote angiogenesis, endogenous cell proliferation, neurogenesis, and new synapse formation [17] . These pleiotropic cerebrovascular effects of statins may explain the association of statins with asymptomatic CICAO in our cohort. Antihypertensive medication use was observed in <10% of CICAO patients with RI compared to 71% of patients with No-RI, implying that antihypertensive medication may have a beneficial impact on the course of asymptomatic CICAO. A study of a cohort predominantly composed of patients with carotid stenosis >75% or complete occlusion revealed that antihypertensive treatment was associated with significantly reduced recurrent stroke risk [7] . In patients with recently symptomatic CICAO and hemodynamic cerebral ischemia (Carotid Occlusion Surgery Study cohort), controlled hypertension ( ≤ 130/85 mm Hg) was associated with a reduced risk of subsequent ischemic stroke [18] . In clinical practice, physicians may be reluctant to treat hypertension to lower blood pressure targets because of concerns about reducing cerebral perfusion pressure in the setting of carotid high-grade stenosis or occlusion. While this is particularly important in the acute stroke scenario, our findings corroborate the idea that chronic blood pressure treatment is associated with asymptomatic CICAO status at diagnosis. The mechanisms underlying this effect are unclear. Untreated hypertensive disease is known to affect endothelial function, generating enhanced leukocyte-endothelial cell adhesion, endothelial barrier dysfunction, reversed angiogenesis (rarefaction) and platelet hyperreactivity, and impaired vasomotor reactivity [19] . Antihypertensive treatment may, therefore, maximize arterial vasomotor function in collateral cerebral and craniocervical blood vessels.
Carotid atherosclerotic disease and CAD have common vascular risk factors and often exist simultaneously [20, 21] . The prevalence of ischemic heart disease in patients with carotid atherosclerosis is relatively high. MI at baseline was reported in 13% of the COSS trial patients, while MI or angina was reported in 32 and 19% of the NASCET and European Carotid Surgery Trial (ECST) patients, respectively [22, 23] . Thirty percent of our sample presented with CAD, which was independently associated with No-RI CICAO status. Our analyses indicated that this finding was not solely explained by a higher use of statins and may potentially represent a referral selection bias in our sample (since patients with CAD may have been sent for asymptomatic carotid disease screening more frequently). Conversely, the prevalence of 62% contralateral and posterior circulation strokes in the No-RI patients indicates that this group was constituted predominantly by patients with ischemic cerebrovascular disease.
Our study is also limited by its retrospective and cross-sectional design. Thirty-six patients had incomplete medical records or no brain MRI and were therefore not incorporated into the analyses, which may have led to selection bias. The interval between symptom occurrence and MRI was 0-28 days; therefore, some patients with subacute stroke may have been inaccurately classified as not having had a recent stroke. However, this would lead to regression to the mean and only impact statistical power, which was not a concern in this study. The timing between symptom onset and CTA and MRI was not recorded. Regrettably, we did not have access to and could not evaluate dosing, nor the statin subtype or antihypertensive class. Patients with asymptomatic carotid occlusion have been demonstrated to have a lower risk of subsequent stroke compared to symptomatic CICAO patients [24, 25] . Therefore, we cannot exclude the possibility that the two groups studied had a different
